Background. Micronutrient deficiencies, especially irondeficiency anemia, are a public health problem in Egypt, where anemia rates almost doubled in the years from 2000 to 2005. In 2008, the Government of Egypt began implementation of a 5-year national program to fortify with iron and folic acid the wheat flour used in baking subsidized baladi bread, the staple food consumed by a majority of low-income groups.
Background
Recent studies suggest that some Middle Eastern and African countries are undergoing a nutrition transition: rising obesity rates and high levels of chronic and degenerative diseases are observed, while rates of child malnutrition in the region have decreased [1] . In addition, the prevalence of anemia in women of childbearing age ranges from around 20% in Jordan to more than 30% in countries including Bahrain, Iran, and Oman [2] . Since the 1990s, United Nations organizations and the Micronutrient Initiative (MI) have been assisting countries in the region in the implementation of flour fortification with iron and folate. Bahrain, Jordan, Kuwait, Qatar, the United Arab Emirates, Iran, Iraq, Mauritania, Morocco, Oman, occupied Palestinian territory, Saudi Arabia, and Yemen have since embarked on mandatory national fortification programs [3] .
High level of iron deficiency
Since the early 2000s, controlling micronutrient deficiencies has been one of the priorities for the Government of Egypt [4] . Micronutrient deficiencies, especially iron-deficiency anemia, are a public health problem in Egypt [5, 6] . The 2005 Egyptian Demographic and Health Survey (EDHS) included hemoglobin testing (for anemia diagnosis) in a subsample of one-third of all households surveyed. Between 2000 and 2005, the prevalence of anemia (defined as hemoglobin concentration < 11 g/dL) increased from 37% to over 52% among Egyptian children between 12 and 36 S261 Egyptian national fortification program months of age [7] . The anemia level among ever-married women aged 15 to 49 years rose from 28% in 2000 to 39% in 2005 [5] . Although these data were cause for concern, in order to develop a comprehensive national plan of interventions, there was an urgent need for more recent national data on vitamin and mineral deficiencies. Ferritin as an indicator of iron deficiency was measured for the first time in 2008 as part of a baseline study for the National Fortification Program (NFP). This survey sampled 4526 households including 18,338 individuals (children and their mothers 20 to 49.9 years of age as well as adolescents). The sample was randomly selected, using multistage probability, from 11 governorates representing six geographic areas (Metropolitan, Coastal, Canal, Lower Egypt, Upper Egypt, and Frontier). Both serum ferritin and hemoglobin levels were used as indicators of anemia status. The results showed that the prevalence of anemia was 47.2% of mothers (< 12 g/dL), 39.6% of children under five (cutoff hemoglobin level < 11 g/dL), 35 .3% of children ages 5-12 years (< 11.5 g/dL) and 35 .7% of adolescents (< 12 g/ dL). Serum ferritin level was used to indicate depleted iron stores (iron deficiency). The results showed that depleted iron stores were found among 49.6% of mothers (cutoff level set at < 15 µg/dL); 38.2% of children under five (< 12 µg/dL); 38.2% of children ages 5-12 years (< 15 µg/dL), and 47.4% of adolescents (< 15 µg/dL) [6] . The prevalence of iron-deficiency anemia (indicated by both low ferritin and low hemoglobin) was 25.1% among mothers, 15.1% among children under five, 13.6% among children ages 5-12 years; and 17.9% among adolescent children [6] . On the basis of the World Health Organization/Food and Agriculture Organization (WHO/FAO) guidelines on fortification, the prevalence of anemia in Egypt is considered a moderate to severe public health problem, depending on the age group in question [3] .
A fortification strategy in Egypt
Triggered by the results of the 2005 EDHS, which showed an almost doubling of anemia rates in the years from 2000 to 2005, a nationwide fortification effort to reduce anemia among Egyptian women and children was one of the recommendations of the Government of Egypt's National Food and Nutrition Strategy . In 2008, the Government of Egypt began implementation of a 5-year national program (2008-13) to fortify the wheat flour used in baking subsidized baladi bread with iron (ferrous sulfate) and folic acid. The NFP aims to reduce micronutrient deficiencies, especially among vulnerable groups. It was based on a pilot baladi bread fortification project conducted in 2004 and 2005 by the National Nutrition Institute (NNI), which is part of the Ministry of Health and Population (MOHP), at El Fayum governorate [8] . The pilot reached up to 500,000 beneficiaries on a daily basis and included capacity-building and quality control and assurance components as well as a communications plan. The pilot was supported by the World Health Organization Regional Office for the Eastern Mediterranean (WHO/EMRO) and MI.
The expansion of the pilot into a nationwide 5-year program was taken on by the Ministry of Supply and Internal Trade (MOSIT), the ministry responsible for the Government of Egypt Food Subsidy Program. The first three and a half years of the national Wheat Flour Fortification Program (2008-11) were supported by the Global Alliance for Improved Nutrition (GAIN) through the United Nations World Food Programme (WFP). WFP provided coordination and technical expertise to all program partners, in particular the Ministry of Supply and Internal Trade (MOSIT), in order to build the capacity of the relevant institutions and contribute to the sustainability of the program. The Wheat Flour Fortification Program was enabled by the presence of an existing large food subsidy program, which provided an appropriate vehicle for fortification. The national Food Subsidy Program in Egypt targets poor and low-income groups and is made up of two main subsystems [9] : ration cards that offer eligible households specific monthly quotas of subsidized commodities, in particular sugar, edible oil, rice, and tea; and baladi bread, which is distributed through market outlets with no distinction among buyers (independently of the ration card system: first come, first served). Baladi bread is sold at highly subsidized rates (5 piastres per loaf, when the real cost of production is approximately 20 piastres according to the average international price of wheat). Baladi bread has been a government-subsidized commodity since World War I, and the target population was expanded after the Egyptian Uprising of 1952. It was chosen as the vehicle for iron and folic acid fortification because it is the staple food consumed by a majority of low-income groups throughout Egypt. In the WFP Analysis of Consumer Profiles and Behavior Patterns [9] , 80% of surveyed households in urban areas and 65% of those in rural areas reported that they purchased subsidized baladi bread. Consumption in urban areas is higher because baladi bread is more easily available. In some governorates, rural households still bake bread at home, and they have access to subsidized flour through the ration card system (10% of the total production of fortified wheat flour, as estimated by MOSIT).
From the start, MOSIT took the leadership role in implementing the national Wheat Flour Fortification Program, engaging, mobilizing, and coordinating the other Government of Egypt stakeholders, including the following: MOHP, which was responsible for inspecting the fortified wheat flour and baladi bread for food safety purposes and for checking that commodities abided by national standards; NNI, which was responsible for establishing and supervising the micronutrient specification (iron and folic acid) to be used in wheat flour fortification as well as conducting the baseline assessment and supervising the communication campaign; and the Food Industries Holding Company (FIHC), the owner of all public-sector mills (as well as other food industries), which was responsible for overseeing the correct fortification of wheat flour at its mills. This paper describes the National Wheat Flour Fortification Program, estimates the annual production of fortified flour and the daily consumption of fortified bread, and identifies challenges and sustainability issues.
Methods
The current program aims to fortify the subsidized 82% extraction wheat flour with iron at 30 ppm in the form of ferrous sulfate and folic acid at 1.5 ppm. Ferrous sulfate was chosen on the basis of previous experience in the pilot project that was implemented in one governorate. Fortification takes place at the miller level. There are over 150 production lines covering the needs of the nation and supplying over 18,000 bakeries with over 17,000 MT of fortified flour every day. Subsidized bread is offered through local bakeries, and their locations are intended to target low-income communities. Figure 1 shows a map of food security vulnerability in Egypt and the distribution of bakeries selling fortified subsidized bread throughout the 27 governorates. The number of bakeries located in each governorate is significantly correlated with the population size of that governorate and its food security vulnerability rank (R 2 = 0.9). "Vulnerability" is based on an index of food security developed by WFP including food and poverty. On this basis, it is assumed that fortified bread is accessible to the most in need.
Methods ensuring that bread is fortified included quality control systems conducted by the producer (the miller) and quality assurance systems conducted by an independent department within FIHC in addition to government inspectors. Data on production and quality control are entered daily into an automated system to track flour fortification.
Results

Policy development
Based on a request by MOSIT, in June 2006 the Egyptian prime minister issued a decree approving the fortification of all wheat flour used in baking subsidized baladi bread. This was the starting point for the drafting and subsequent approval of the national fortification standards by NNI. The standards used in the pilot flour fortification project of the early 2000s were revised following WHO recommendations [10] .
While the Egyptian wheat flour standards allow for voluntary fortification "as per the applicable standards, " NNI clarified, in an official communication in 2008, what is meant by "applicable standards" for the fortification of 82% extraction rate wheat flour in the context of the national Wheat Flour Fortification Program. To ensure that mills abided by the new national fortification standards, MOSIT issued a circular to all participating public-and private-sector mills mandating fortification of its subsidized 82% extraction flour according to these NNI standards.
The Wheat Flour Fortification Program's iron and folic acid fortification objectives and activities are being monitored by the National Fortification Alliance (NFA), a multisectoral partnership that promotes government as well as private-sector strategies and policy for food fortification projects in Egypt. NFA is chaired by the Minister of Supply and Internal Trade.
Nationwide production and distribution of fortified wheat flour for baladi bread
Through the Food Subsidy Program, all public-and private-sector mills were already under long-term contracts with MOSIT to produce a specific annual tonnage of 82% extraction rate wheat flour for the baking of subsidized baladi bread. Extraction rate is defined as the amount of flour produced by weight from a known weight of wheat, the difference being the losses, mainly bran, from refinement of the whole wheat [11] . The micronutrient specification set by NNI [12] added 30 ppm iron (from ferrous sulfate) and 1.5 ppm folic acid to the production of this wheat flour, in line with previous WHO recommendations at the time [3] . Based on an average consumption of 138 kg/ year [9] , or approximately 380 g/day, of fortified flour per baladi consumer, the fortification standard delivers 11.4 mg of iron and 300 µg of folic acid per day for women of reproductive age. This represents about 19% of the WHO-recommended iron intake for women of reproductive age, assuming a low-bioavailability diet [3] . Such fortification is expected to have an impact, as 10.3 mg of iron as ferrous sulfate and 140 μg of folic acid have proven to be effective in Thailand for iron status [13] and in United states for folate status [14] . For children, assuming an average daily consumption of 130 g [6] , the project provides about 30% of their daily needs of iron, which will be significant given the iron deficiencies observed during the 2005 and 2008 study.
Fortification of wheat flour at mills was activated in three phases, each one bringing in new governorates. Fortified wheat flour and baladi bread were introduced to consumers within the first 3 months of the start of the program (phase 1). By the end of 2010,
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Egyptian national fortification program all 143 participating public-and private-sector mills were producing and distributing fortified wheat flour. There were three main distributors [9] for the fortified baladi bread: distribution outlets and kiosks, which were accessed by 46% of surveyed households in urban areas and 37% of those in rural areas during the NNI survey; regular bakeries, which were accessed by 34% of respondents in urban areas and 21% of those in rural areas; and town councils and community development associations, which were accessed by 19% of respondents in urban areas and 40% of those in rural areas.
Since 2011, all wheat flour used in baking subsidized baladi bread in all 27 governorates has been fortified with iron and folic acid. This equates with an annual production of approximately 6.5 million MT of 82% extraction rate wheat flour fortified with approximately 1,300 MT of premix. This progress was achieved in phases, as shown in figure 2.
Although there was no direct targeting as part of the program, MOSIT estimates that as of 2011, up to 17 million women of reproductive age and 7 million children aged 2 to 5 years, out of a total of more than 50 million beneficiaries, were consuming quality-assured fortified baladi bread on a daily basis. This is approximately 65% of the total Egyptian population. This estimate by MOSIT was confirmed by an independent survey [9] , which indicated that approximately 79% of the population (63 million Egyptians) confirmed purchasing an average of approximately 20 loaves per household per day. Consequently, this program outcome may be seen to contribute to Millennium Development Goals 4 and 5, namely, to reduce child mortality and to improve maternal health.
Quality control and assurance
Basic to the success of the program is that the fortified wheat flour should maintain its expected quality and contain levels of iron and folic acid in line with the national fortification standards from mills to bakeries and retail outlets.
The program built the capacity of mill operational staff, government inspection officials (MOHP and MOSIT), and laboratory technicians. Nationwide, extensive training was provided throughout the first 3 years (2008-10) of program implementation to build well-trained technical staff in such areas as laboratory tests, sampling procedures, microfeeder installation and calibration, accurate record-keeping, adjustment of premix flow rate, premix storage conditions, etc. Over 500 millers and inspectors were trained nationwide, compared with only 2 millers who were trained during the pilot project.
Mill workers are currently expected to abide by the strict monitoring criteria detailed in the quality control implementation manual developed by WFP in coordination with MOSIT and NNI. All participating mills are visited regularly by MOSIT and MOHP inspectors. Quality control tools, such as premix records, mill laboratory analysis records, and production records, are made accessible during these inspection visits. Spot tests are conducted by the laboratory in the presence of inspectors, who also collect samples for quantitative analysis twice per month from each mill. Simultaneously, NNI conducts visits to mills to offer technical support by helping mill management to cross-check data provided by the mill production and quality control teams.
In 2011, an online fortification monitoring system ( fig. 3) was established that automated the paper system operational in mills. The system provides a reliable alternative to the much slower manual process and seeks to potentially eliminate the logistical overhead of the manual process in the future. Since mills are dispersed throughout the country, while the quality assurance labs and MOSIT offices are located in Cairo, the sharing of information about fortification used to take up to 1 month, by which time any errors would not have been caught in time. Millers and inspectors have now been trained on how to upload data onto the site. Millers fill out online data forms on a daily basis into four key forms that are automated versions of the paper quality control records, which the mills have used since the start of the program and have become quite familiar with: » Premix inventory (with an alert that is sent to mill management and MOSIT if it drops below a 3-week supply); » Premix used versus flour produced on a daily basis (with an automated check for errors in expected addition ratios); » Feeder calibration records: calibration is typically conducted daily by an independent quality assurance person in the mill; data entered are premix flow in grams per minute after calibration is done; » Internal quality control (results of qualitative spot tests done by the mill laboratory technician); » Malfunctions that occur during the fortification process (filled out on as-needed basis).
In the meantime, additional data forms are completed by quality assurance laboratory technicians regarding samples analyzed in their labs, which allows these data to be triangulated with quality information from the millers.
This online system provides effective summary reports and allows senior management officials to obtain summary reports or snapshots of the status of the project in the country and by mills, enabling prompt decision-making. Furthermore, the system generates a set of automated alerts that allow designated personnel at MOSIT to receive customized alerts in cases of fortification outside the required range (based on quality control data entered by the mill and/or external laboratories), premix stock unavailability in the mill warehouses, or any malfunction in the system. Alerts are sent by e-mail to those tasked with taking corrective action.
As a security measure, access to the system is only granted to those with valid login credentials, and the system is designed to face Internet threats and malfunctions. For expandability potential and as the numbers of system users and milling companies are expected to grow and evolve, the system is designed with a configuration capability to allow the addition of more users, such as new millers or inspectors. Some challenges were faced in the deployment of the system, including the challenge of providing the required infrastructure (computer and internet access) for each mill for data entry. The interim solution was to allow data from public mills to be recorded through FIHC (owners of public mills). However, public mills should be able to enter daily data independently at later stages. Cultural unfamiliarity with a computerized system was also a significant challenge. An effective training for all system users was developed to demonstrate how the monitoring system is simple and user friendly.
MOSIT and MOHP inspectors also monitor fortified flour and baladi bread at retail outlets. In addition, MOHP and the General Authority for Control of Exports and Imports inspect imported premix to check that it complies with national standards adopted by MOHP for imported food additives as well as standards set by the Joint FAO/WHO Expert Committee on Food Additives [15] and the Codex Alimentarius [16] .
The results of fortified wheat flour analysis conducted using the atomic absorption spectroscopy method* showed the proportion of samples in line with the national standard (30 ppm of iron) ( fig. 4) . The proportion of samples within range decreased as the program reached full scale. It went down from 99% in 2008 (when 55 production lines participated in the program), to 79% in 2009 (when 116 production lines participated), and finally down to 71% in 2010/11 (when 159 production lines participated). Since samples taken directly by WFP technical support personnel produced better analysis results, program partners responded by repeating the sampling training for MOSIT and MOHP inspectors, millers, and mill laboratory technicians, Furthermore, the mill records in most cases triangulate very well, indicating that the addition process is adequate in terms of accuracy. In inspection and technical support visits, millers demonstrate excellent knowledge of the fortification process, indicating that * Atomic absorption spectroscopy tests were initially conducted by the NNI central laboratory. They are currently being conducted by MOSIT using the new laboratory facilities procured and staff trained under the program. the problem with the sampling procedure is likely to be a key reason for the results.
Communications plan
A comprehensive communications plan, incorporating an advocacy program and a consumer education campaign, is being conducted. It disseminates messages including the following: » Malnutrition hinders the future of our children and the development of our country; » Nutritional deficiencies are a form of "hidden hunger" that affects our body and health without our knowing; » Eating healthy can be done on a low budget, through a combination of fortified foods (including baladi bread) and natural, low-cost foods. The advocacy program aims to address misconceptions and allay fears about micronutrients among decision makers and local leaders and to disseminate the benefits of fortification. National and governorate officials, the local medical community, educators, religious leaders, local members of parliament, media representatives, and other groups are targeted largely through meetings, workshops, and launch events. The consumer education campaign includes television and radio advertisements; posters, leaflets, and booklets that are distributed at outreach events, for example, in schools; and television shows such as cooking programs. In the future there will be a dedicated, interactive campaign website as well as a Facebook page. A fortification logo has been developed and is being used on all communications materials and wheat flour packaging ( fig. 5) .
The WFP Egypt Country Office Programme Officer [17] [18] [19] [20] [21] [22] indicated that "Pending a final evaluation, inhouse media analysis shows that messages on anemia, nutrition and the national Fortification Program were disseminated through some 20 different local journals and media channels." It is expected that the people reached by the advocacy program and consumer education campaign will pass on their new perspectives to colleagues, family members, and friends. Much of the success of this program has been due to the political will and commitment of the Government of Egypt, which has included food fortification as an integral part of its Food and Nutrition Strategy (2007-17) [4] . This commitment was shown to be solid when the program was able to continue functioning notwithstanding the change of leadership that came about following the ousting of President Mubarak in February 2011, as indicated by the fact that procurement of additional premix amounts continued for the year 2011/12.
Government of Egypt ownership of the program
Challenges
The project uses ferrous sulfate as a fortificant. In 2009, WHO issued its new recommendations for the use of sodium ethylenediaminetetraacetate (NaFeEDTA) in high-extraction flour, as it increases the bioavailability and absorption rates of iron by the human body. Depending on the outcome of the evaluation after the 5-year program, the government may decide to add NaFeEDTA to the fortification premix.
One of the challenges faced by the program at the mill level was that the premix, initially containing starch filler, tended to harden and break the helix (the small metal piece used to stir the premix to avoid lumping) on the microfeeder that stirs the micronutrients into the flour. To resolve the issue, starch was replaced with calcium carbonate, a smoother filling material. In addition, mill managers found there was a shortage of microfeeder spare parts such as the helixes. The local supplier of components was sensitized to the problem and increased the availability of the necessary parts.
Communication challenges included uninformed media. Misconceptions were evident in newspaper articles issued before the launch of the program [23, 24] , in which claims were made that iron fortification leads to ill health. The Minister of Supply and Internal Trade met with the Health Committee of the Egyptian Parliament to discuss the program aims and the health benefits of fortification. Subsequently, the Health Committee issued a press release on the safety of food fortified with micronutrients, which was published in key newspapers [25] , after which uninformed media coverage largely stopped and was replaced by more favorable and better-informed articles.
On the policy front, although sufficient actions were taken to mandate fortification of subsidized flour that goes into the making of baladi bread for the life of the program, and the government has made the required investments, no mandatory fortification decree has yet been issued for wheat flour sold on the Egyptian market outside the frame of the Food Subsidy Program and within the program beyond its currently planned life. Program partners continue to make great efforts to ensure this will be achieved in the future. This involves modification of wheat flour standards to include specifications for the addition of iron and other vitamins and minerals to flour (as NNI has considered this pilot as a way forward to enable addition of other micronutrients in the future, such as zinc), and to make fortification mandatory, as opposed to optional as stated in the current standards. The government may choose to limit mandatory fortification standards to 82% extraction wheat flour, which has a separate set of standards, or to generalize mandatory fortification standards to all flour.
This step is particularly important in view of another program-related challenge: there is a portion of the rural population that does not have sufficient access to subsidized bread and still bakes at home using home-grown wheat milled in the village. Mandating fortification of flour in general would enable those communities to be reached.
Sustainability
Financial sustainability
The Government of Egypt has been bearing the cost of fortification (premix, laboratory tests, and equipment maintenance) since 2009, which signifies commitment toward financial sustainability. Almost US$15 million has been invested to date by the government and US$3 million from partner agencies. However, the financial sustainability of flour fortification activities by the Government of Egypt after March 2013 (the end of the current program implementation) remains as yet unclear. It is envisioned that the success of the program in terms of impact on the prevalence of anemia as determined by an end-line survey will entice the Government of Egypt to continue to fortify flour with iron and folic acid as part of its national Food Subsidy Program. Since a significant proportion of the prevailing anemia is iron-deficiency anemia (as mentioned in the Background section), effectiveness of fortification is likely to be observed. However, the government is also aware of the global and local shocks that the population has been subjected to since the start of the program, including two food price crises (2008 and 2011), in addition to economic and political shocks that affected employment and income, and thereby the ability to purchase food.
The economic implications of iron deficiency and of the various intervention strategies to combat it suggest that food-based approaches and targeted supplementation are particularly cost effective. The highest benefit-to-cost ratio is attained with food fortification [26] . The cost per beneficiary is estimated at US$0.2 or less per year, compared with US$2.00 per person per year for iron supplementation [27] . The public health benefits are also high, which provides strong justification for the Government of Egypt to earmark funds for flour fortification and, therefore, for the program to continue. The estimated average annual cost of program implementation from 2013 onwards is 30 to 33 million Egyptian pounds (roughly USD 5-5.5 million), (LE), with a 50 million beneficiary outreach [28] ; i.e., the incremental yearly cost per beneficiary is approximately LE0.63. Those costs under the NFP are borne by the government. This investment yields benefits to the population. Gains from anemia reduction in terms of perinatal mortality, adult anemia, and childhood anemia are estimated to range from LE830 million to LE880 million per year [28] . This figure includes net savings of future income that would have been forgone due to repeated illnesses of children, and the risk of loss of lives of children or their mothers who suffered from folic acid deficiency (risk of perinatal mortality). It also includes loss of income of anemic adults due to repeated illnesses. Based on these estimates, an average benefit-to-cost ratio of about 23 can be expected over 10 years, including the startup phase. From the fifth year of program implementation onwards, a ratio of 26 or 27 may be possible [28] . The poor benefit the most from those savings, and since they comprise 40% of the population, they are politically and developmentally important. This is a key reason why investment in nutrition features in the national health and nutrition strategies as well as the national competitiveness strategy (as health and nutrition is a key pillar of Egypt's human resource base).
Normative sustainability
National fortification standards have been established by MOHP, and standard operating procedures and protocols for internal and external monitoring have been successfully developed and enforced among flour fortification stakeholders. This normative system provides the regulatory framework needed to ensure the quality of the fortified wheat flour and baladi bread in the long term. 
Institutional sustainability
The program has been successful in large part because of the close cooperation demonstrated among stakeholders under the umbrella of the National Fortification Alliance. This broad participatory membership base has enabled stakeholders to share expertise and will facilitate the sustainability of the program in the future. Due to the government ownership of the program, the National Fortification Alliance is chaired by the Minister of Supply and Internal Trade, with membership of relevant ministries and government agencies. Members include MOHP, NNI, the Ministry of Agriculture (Food Technology Center), and the Ministry of Education (the school feeding program, which also offers fortified snacks to millions of children every year), among others. Representatives of key millers and suppliers of fortified oil, in addition to concerned media, also attend National Fortification Alliance meetings. The National Fortification Alliance meets once per year, and its technical arm meets on a monthly basis to follow up on project progress.
Fortified flour samples taken by MOSIT inspectors were initially sent to the NNI central laboratory. However, in 2011 the MOSIT central laboratory was equipped with an atomic absorption spectrophotometer through the GAIN grant, and it now has the internal capacity to provide ongoing, direct oversight of the fortification process, which is important given its role as custodian of both the Food Subsidy Program and NFP.
The institutional capacity that was built on the level of millers, government food control authorities, and policy makers is indispensable for successful continued flour fortification in Egypt.
Next steps
Commitment of the Government of Egypt to the fortification of basic food commodities as a way of improving the nutritional status of large sectors of the Egyptian population was emphasized with the introduction of a 5-year Vegetable Oil Fortification Program in 2010. This program, which is being implemented with assistance from GAIN and WFP, aims to fortify subsidized oil with vitamins A and D in order to reduce vitamin A deficiency.
The 2005 EDHS indicated that the Egyptian population has a low vitamin A intake: 50% to 60% of children under 5 years of age and approximately 40% of women of reproductive age are not consuming foods rich in vitamin A. Moussa et al. [29] found that plasma retinol values < 20 µg/dL were present among 11.4% of children aged 6 to 71 months in urban areas, compared with 12.7% in rural populations. In addition, a national survey for the determination of bone mass density [30] indicated that the prevalence of vitamin A deficiency among adolescents was higher in rural areas (31.5%) than urban areas (20.0%); a similar pattern was evidenced among adults for rural vs. urban areas (22.9% and 18%, respectively).
Egypt has several vitamin A interventions under way, including vitamin A supplementation for children under 2 years of age and for postpartum mothers, and limited distribution of vitamin A-(and iron-) fortified biscuits in schools. However, large segments of the population remain exposed to vitamin A deficiency. Supplementation programs are reaching approximately 12% of children under five [31] . The Government of Egypt is therefore looking to fortification as a widereaching and economical complement. Worldwide experience shows that vegetable oil is the first choice as a cost-effective vehicle. Cooking oil is a very suitable food for fortification with vitamin A [32] .
Subsidized oil in Egypt is sold to ration card holders at a 35% reduced rate compared with the 2011 market price. The first half kilogram of the individual monthly share is fully subsidized and sold at the price of LE1/ kg; the additional 1 kg is partially subsidized and sold at LE3/kg ( fig. 6) . The individual share of subsidized vegetable oil is 1.5 kg/month, which should provide an average daily consumption of about 50 g. However, the monthly share is provided to a maximum of four individuals per household, consequently the individual daily consumption may be less than 50 g, depending on the family size. According to MOSIT data, per capita consumption of vegetable oil in Egypt in 2007 was estimated to be approximately 38 g/day among segments of the population with ration cards (currently almost 64 million Egyptians).
The national program uses retinol palmitate and adds it to a mix of soy and sunflower oil. Oil fortification standards developed by NNI have introduced 60 IU of vitamin A and 3 IU of vitamin D to each gram of oil. This delivers about 1,000 to 1,500 IU of vitamin A to consumers, which constitutes approximately 30% to 50% of the RDA for adults and children. This is in line with other countries in the WHO/EMRO region, such as Morocco [33] . This figure takes into account losses calculated as part of a stability study (conducted before the start of the project) of vitamin A in oil along the supply chain of subsidized vegetable oil in Egypt up to the point of consumption. The study found that losses were up to 50% due to transport in transparent bottles within opaque boxes. The subsidized oil production and distribution chain does not exceed a 1-month period. The transparent bottles are only taken out of their boxes when they are sold to households, i.e., at the last point of the supply chain, and are consumed within 2 to 3 weeks. Another source of vitamin A loss is the use of oil for frying in the household. The study took into account the practice by Egyptians of repeatedly frying foods in the same oil [34] .
It is estimated that by the completion of the Vegetable Oil Fortification Program in 2014, the 25 oil S269 Egyptian national fortification program factories that are under contract to supply MOSIT with subsidized vegetable oil will be producing 879,000 MT of fortified oil annually, half of which will be produced by four private-sector oil factories. In 2010, phase 1 of the program commenced with the activation of eight oil factories with 10 production lines. Fortification of vegetable oil began in 2011. It is expected that MOSIT will activate an additional 11 oil factories under phase 2 of the program in 2012; the tender process for the supply of premix and the fortification units is under way and is fully funded by the Government of Egypt.
Conclusions
Clear evidence of the reduction of iron deficiency among the Egyptian population through the consumption of wheat flour fortified with iron and folic acid is not yet available and is pending the outcome of an endline survey. Midway during the program, WHO issued new recommendations to use NaFeEDTA in addition to, or instead of, ferrous sulfate for fortification of high-extraction flour such as that used to make baladi bread. The government decided to maintain the same fortificant (ferrous sulfate) and to judge by the outcome of the end-line survey whether and how to proceed in the next 5 years. Depending on the outcome, the government may decide to extend the use of ferrous sulfate for another 5 years, use NaFeEDTA instead, or use a mix of the two.
In addition, the Government of Egypt acknowledges that a single intervention, such as food fortification, will not resolve the problem of iron deficiency [35] . The best results will be achieved through a multipleintervention strategy like the one currently being conducted by the Government of Egypt that includes iron supplementation and treatment and prevention of parasitic infestations, as well as activities that are not traditionally micronutrient interventions, such as breastfeeding promotion, family planning, sanitation, and health education [35] .
